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The patentee in the above-identified patent hereby request that the Patent and 
Trademark Office issue an official Certificate of Correction pursuant to 37 C.F.R. § 1.323 
for the following mistake made by the applicant. 

Column 3, line 42, GdOj should be GdaOj; 

Column 6, lines 31, 34, 38 and 41, NbzOg should be NbaOj; 

Column 6, line 62, Mgo should be MgO; 

Column 7, line 1, Mgo should be MgO; 

Column 7, Une 32, NbaOa should be Nb205; 

Column 8, line 43, GdaOa should be GdaOa; 

Column 14, line 65, NbaOs should be Nb205; 
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Column 17, lines 19 and 53, Nb203 should be Nb205; 
Column 17, line 53, B23 should be B2O3; and 
Colunm 18, Une 20, Li02 should be Li20. 
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copy of this sheet is attached. 
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(57) .\BSI-RACT 

An Oplioil glass having high-rcfractivity and low-dLsper-sion 
o plica] properties and having a low gia.ss transition point so 
that a heai-Lreaiini; furnace can be operated for a long period 
of lime. The optical glass has a refract tve index nd of ai least 
I .^475, an Abbe's number vd of oi lca.si 39.5 and a glass 
If ansiiion point Tg of 7(»()' C, or lower, and conlaius ai least 
one of L^^iOa, GcisO:^» V^O- or YbjO^ and al kasi unc of 
21r02, T3;0., or Nb^O,, with a wcigbl rdtio of the tola) 
content of U,03, Gdio.v Y^O.a and Yb^^)^ to ihe tolAl 
content of SiO- and bTo,^ of froin 3^ lo 5 and the weight 
ralio of the total conieni nf ZrO-, Ta-O? and Nb,O.T to the 
(ulal c-onieni uf SiO^ and R^O, is from l.I to 1,5. 
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omCALGI-ASS AND PROCESS FOR THE 
PRODUCTION OF OPTICAL PRODUCI S 

TECHNICAL UACKGROUND 

1. Field of the Tnvciuion 

The prcscal invent ioo relates lo an optic:il jja<«, h gla^ 
ptvloriu Uiadc of it« ^iii opliual priKJuci and .i prcicc.^ for the 
ptiKluclion of Ihc oplical product. More spccilica])y, it 
relates to on optieul glass which has high-rcfraciwiiy nnd 
lDW-di^^1l;^sion oplical pmpenics, has «i lew class Iran sil ion 
point and allows liic stable operation of a hcat-trcnlini; 
ftirnacc for a long period of time, a gjas$ pit; form which is 
made or ibc »bovc optical glass and suitable for ihc fonna- 
ii»n of vHrions oplical producis,, an optical product made: uf 
the above optical gla^s, and a process for the production of 
the above optical product. 

2. Explanation of Related Art 

ConvcnUon:illy, in optical gloKs having higb-rcfraciivity 
and low-dispcrision opdcal properties contains a large 
amount of La-jO,, Gd^O^, Y^O,, TiuO^, ZrO^ cic^ for 
attaining a high refracuvt: index and a low dispersion 
property as is shown, for example, in JP-A-S4-90218 and 
JP-R-5l-6()42. and glass-DCtwork*tbftniiigainiporwnL*5 faith 
ai> Bz^j ^11^ SiO^ urc conlaLnc<I in a small amount, so that 
the above optical cla^5 vi extremely highly liable to undergo 
crj-sloltization. Since a glass ihat can bt stably produced is 
limited in compositional ranp/, commercially svailnhlc opti- 
cal glaiwes hax^inc; a high refractive index and a low disper- 
sion have a glass transition point Tg of over 720' C. Tabic 
1 shows properties of high-mfraciiviiy lowHliv*pcrsioQ opti- 
cal glasscK !>ho\*D in brocburts supplied by optical ^lass 
manufaciurcRN 

TABLE 1 
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Conventional high-rcfraciivity low-di«persi«n glasses 
have d very- high temperature for viscous Eows as is typically 
showrt i^y glass transition points Tg, iind for example, 
annealing Lreainrkeni thereof has required a temperature of 
710' C, Of higher. Generally, most of ftimaees for glass 

inncftliog or<; mudc uf a Nlainlc.HS Mcel plate, and this ... 

material hua a OefiDimhiion tcmpcralure around 700** C. 
When the annealing is carried out at a temperature over 710** 
C\, therefore, theoe cau*;ed h problem thai Ihc above 
slAinlcss steel plate undergoes deformation, so that ii is 
difficult to operate the furnace for a long period of limc. 

l'\jnhcr, ilic production of a lens material by rc-bcat 
pitssing also rtquircs a very high lempcraiurc, which causes 

a bcat-U'eating furnace to deter id rale sfxiner and hinders 
stable proJuclion. 

Meanwhile, ^'hcn a glxss hxs a glass iransilinn point Tg 6C\ 
Ot 700° C. or lower, stable production has been achieved 
without causing any special load on ihc operation of facili- 
ties. 

SUMMAl^Y 01- nit INVENTION 

Under Ihc circumstances, it is a first object of the present 
invention to provide an optical gl»ss that has high- 



rcfraciivity low-dispersion oplic;il properties, has .v low 
glass transition point and allows the stable operation of a 
hcot-trcating furnace for a long |)errod of time. 

It is a second object of the present invention lo provitfc e 
glass preform that is made of the above optical glass and is 
suitable for fonzung various optical products, and an opiiea! 
product made of ihc above optical glass- 

It is A third objuei of ihe prc;jcnl invention to provide 
process for ciUcicntly producing an optical produLl made of 
the above optical glass. 

l*or developing oplical glasses haxnng the above desirable 
propcrliess the prcscnl inventors have made diligent !;tudies 
with regard lo effects of compofiition*; of components con- 
stituting glasses on optical properties, thermal properties and 
ileviirilicatioD resistance. As a rcsullf h has been found that 
nn optical glass having higli-refractiviiy nod low-di^jpersion 
optical properties and having a glass transition point of 700** 
C or lower can be obtained by controlling the ratio of the 
total content of LijO-, Gd^O^, Y^O^ and Yb^O^, and the 
ratio of the toial content of ZrO;. T^^O^ and Nb^Oj, to ilte 
total cantcni of SiO, and B^O. such that the abcvvc ratios 
come into spcciiic ranges, ur by forming a glass having a 
siKicific glaw composition, and that the first object of the 
present invention can be accordingly achieved. 

Further, it has been also found that the «ibove second 
(ibjcct of the present invcntioa can be achieved by a glass 
preform and an optical product made of the above optical 
glass each. 

It has Isccn further found thai a optical product made of 
the above oplical gbss can be efficiently produced by 
employing a specific step, and that the above third object of 
the present invention can be accordingly achieved. 

The present inveniion hfis bcca completed on the basis of 
the above ^dings. That is, tbe present invention prov^idcs: 

( 1) an oplical glass having a rcf/ active index nd of ai L-jsi 
1.875, an Abbe's number vd of ai least 39,5 and a glass 
iranAirion point Tg of 700** C or lower (to be referred to as 
"Optical gl3ss I of the present iuvcntiou'* hereinafter), 

(2) an optical glass which is a borosilicaic gbss comprLv 
ing at least one scleaed from l!>a-03, Cid203» or YliuO,, 
and at least one selected from ZrO-, Ta;j05 or Nb/O^, 
wherein the ratio (weight ratio) of the total content of La^O^. 
GdiO-,» Y2O., and Ybp, to tlle loUl ct>ntent of SiO.,*and 
B*0, is from 3.2 to 5 and the ratio (weight ratio) of ihc total 
ciHiienl of ZrO;, Ta^Oj and NbjO^ to ihc 101 al contoni of 
SiO.. and B^O^ is from 1.1 to 1-5. and whidi has a retractive 
index nd of ai least 1-875 und an Abbe's number vd of at 
ieaai 3D.5 (to be referred to as "optical glass U of the present 
invention'* hereinafter), 

(3) an optical i»lass which is u borosilicaie glass compris- 
ing at least ooe" selected from La^O^, Gd^O,, Y^O^ or 
Yb^Oa. ai least one selected from ZrO,, Ta^Os or Nb^Os and 
ZnO, wherein the ratio (wei^hi r«!iio) of the lotal content of 
La^Oa, Gd,O-j,y,0- and Yb^Or, to the total content of SiO- 
and BiO,-! is from 2 to 5. the ratio (weight ratio) of the total 
contcni of ZrO-, Ta-O, .md Nh^Oj lo ihc total eontcnl of 
SiO, and n,0- Ls fmm IK5 10 3 and the ratio (weight ratio) 
of ZnO to the lotslconicniof SiO, and B^O^ L<iat least 0.14, 
and which hxs a refractive inlvx nd of al lca.«;i I >i75 nnd ftii 
Abbe's number vd of at least 39 J (to be referird to a.^ 
•^optical glass 111 of the present invention" hcrcinaficr). 

(-1) an optical glass having a gl»ss composition 
cT»mprising, by % by weight, 5 to 10% of SiOj, 7 to 15% of 
B-O^, 30 u> em of La;0:v 2 to S% of ZrO^ and 13 tu 19% 
of Ta-O^, wherein the u>t:il content of SiO- and BjOj is 14 
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10 20% and ihc loial cunlcrni of the above toraponcnis is al 
Icasi 95% (10 be rctbnrcd lo as -^oplica] i^Iass IV of ihc 
prescni invemion" hereinafier), 

(5) a glass prcfonn made of anv oiw of llie above gUr^n^ 

I to ly ' * 

(6) an optical pm<iucL made c>r any one of ihc above 
glasses 1 to IV. 

(7) a process tor ihc produciioii oT an opiicdl pawiin.-! 
made of any one of the thrive opliual glasses I to IV, which 
comprises Ibc step* of mclliilg raw malcriali lur and 
direcOy press-molding 4 molten ijUss, and 

(8) a prcicesR for the producUon tif an opiicat product, 
which comprises ibc steps of softcninot a glass preform made 

of any one of ihe above opiical g^las^s f lo IV under heal and -.5 
prtiAi-moIding the glass preForni M>ftcncd under heal. 

PREFCRRCD EMBODlMtN lb Ob' mt 
INVKNnON 

The optical glii!«> of the prcscnl iavcnlion includes four 23 
embodiments^ i.e., tour optical g:la<;<;cs I to IV. 

Fipii, the optical glass I Is a higb-rcfraciivity low- 
dispersion optical g\dss liavit^ a low glass transition point 
and having a rcfrficiivc index nd of al Icost 1.875,. an Abbe's 
number vd ofjn least 39,5 and a glass traasition point Tgof 
700** C. or lower. 

'llic above optical gla.ss 1 pnilcrably includes 3 borosili- 
caie fi^lass cciniaining at k;4.st one selected from La^O-,* 
Gd-O^, Y^Oj or Yb^O;-* and at least one selected from ZrO^, 
Ta^O, or Nb^O^, wherein the weighi ratio of iht tuial 
conttuu of 1^03, (SdjOj, Y,C)3 and Yh^O, to ihc lolal 
content of SiO^ and B^O^ is from 2 to 4, and the weight ratio 
of the total coutcut of Z/O^, Ta^O, and Nb^Oj to the total 
c ontcDt of SiO^ and B^0 .:| Is from 1 to 2, 

Qn ihc c\tmpi>siLinn of the alx>vc optical g\t^s, I,j yhcn ihc 

weight ratio of the total comcni ol La^Oj, Gd^Oj, Y^Oj and 
Yb,C), 10 Ihe lota! cnnlcni of SlO; and B-O^ [(1-3^0^+ 
C;dp3+Y,O5+>-h^O3)/(SiO.+R«O0] is Icvi'lhim 2."il'i» 
diBSailt to obtain ao optical c»lass havii^ a high refractive 
index and a high Abbe's number, which Ls one of ihc objecis 

uf ttae^re.sgnl inventinn. Th^ ain|enr oC^nD thai impiOVCS 
-TtiSpcTsion OS compared wi\h LaT^^^tntCdO^ limited, and 
as a result, it is difficull to obtain an opiil^lgia<is having a 
gla.'W iransilioD point sulEcicDl for mass-productivity. On the 4.5 
oiher hand, when ihii sbove weight ratio C7;cecds 4» the 
deviifilicauon rtsiis^iince in poor, Ibai it h> difliwil to 
obtain a stably masa-producible glass. Therefore, the wcijihl 
ratio of the total conlcnl of La.O^, CJd.O-,, Y^O, and YbJO^ 

lu ilk; lulal uunlunl of SiO^ and B^O^ is preferably in the 
range of from 2 10 4, more preferably 3 to 4, still more 
preferably 3.1 to 3.7. 

Further, when the weight ratio of the loial contem of 
ZrOj, Tu^Os ^nd Nb«Os lo ihc tola I conlcnl of SiO, and 
B«0^ [(ZrO.^^Ta-0,+Nb-0_,)/(Si(),+B,()-,)] is le*; ihan 1 , ii ^5 
is difficult 10 obtain an optical glass having a high rclraciivc 
index inien:led in ihc prcscnl invention and .stability suffi- 
cient for mass-pfoduciivity. Oo ihc other hand, when ii 
uxwcdb 2, the Abbc'^ number vd decreases, and it is difficult 
lo obtain a luw-dispcrsion optical glass that is an end product 5- 
of the present invemion. 'fherefore, the weight ratio of the 
total conieni of ZrO^, Ta^O^ and Nh,Os lo the total content 
of SiO.. and B-.0., is preferably in ihc range of from 1 to 2, 
more preferably i.l 10 IJ>, siill mort preferably 1.2 lo 1.4. 

The above optical glass 1 may further contain ZnO. Tlie 6.*^ 
weight ratio of the cement of ZnO to die total contcDi of 
SiO, and R-O3 [ZnO/(SiO;+B20r,)] is prcfcr^ibly more i^an 
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0 but not more than 2, more preferably more than 0 but noi 
more than I» particularly prcfcrably OA to 0.5, When the 
[ZnO/(SiO*fB-0.i)] weight ratio is in the above range, ihc 
glass can be imparted with properties of high rcfracm-ity and 
low diftpersion (ihc depcrwiency of a refractive index on a 
wavclCD^tb is small)^ aud iurtfacr, tiic gl'Asa can he improved 
in dcviirilication rcijislancc and the icmpcrature for the 
viscous flow thereof can be decreased. 

As a preferred oomposltton. the optical glass I of the 
present invention has a glass compost lion (a) comprising, by 
% hy weight, 5 to 10^^ of SiO^ 7 to 15^4, of H-^O^, 0 Uy 5% 
of GcO,, 0 to 15% of ZnO, 30 10 m% of I.a.6^/0 to 30^f 
of Gd.<3j, 0 to U\% ^if. y^O:,. 0 10 5% of Yb.6.3; 2 to H% of 
ZrOc and 13 lo iy% of fa^O^, wlicrein the total content of 
SiOs, and CcO^ is 14 to 20% by weight, the total 

c(>nienl of B^O.-^ and ZnO is at Icasl 9'^ by weight and the 
lolal content of La^O^, GdjO-,. Y^O^ and Yb^^Og is 50 to 
6(r^. by weight, and further wheritin the lolal content of the 
above cnmponcnis exceeds 9S% by weight, and the com- 
position contains 0 to 1% bv weight of U*0 and 0 lo 3% of 

lo the above gli^ composition. SiO^ is a glass-nctwork- 
. forming component essential for maiutaioing dcvitriiicaiion 
resistance, and the content thereof preferably in the range 
of from 3 to 10% by weight- When the above conlcnl is less 
than ^% hy weight, the dcvitrificatioa msisiaace in.<t\if5- 
citnl- When il exceeds 10% by wcighu the refractive index 
decreases. It is therefore diflicull lo obtain a high-rcfractivity 
optical glass thai is tin end product of the present icivention. 
In view of the dcvitriEcation resistance and the refryciive 
index., the con lent of SiO^ is preferably in the r^ngc of from 
0 to 9% by weight, more preferably 6.5 10 «.5% by weight. 

n^Og is a component having an cll'cct as a network- 
forming oxide or an clfuct on meltubilily of ihc glass and a 
decrease in ihe temperature for viscous flow, and the conieni 
thereof is prcfci^ibly in the range of from 7 to 15% by 
weight . When the conlcoi of IJ2O3 Ls lefw than 1% by weight, 
the effect on moltability of the gla.*;.-; and a decrease in the 
temperature for viscous flow is not sutticienl. When it 
exceeds 15% by weight, ibc refractive index of the glass 
decfea.se.s. It is therefore dinicull lo obtain a high-rcfractiviiy 
gla:>£> that is ao end product ol: the present invcutioa. Id view 
of the effect on the mcUabiUly of ihc glass and u dccrcitsc in 
the temperature for vi.scous (low and the icfrrictivc itxlcx. the 
content of B^Og is mote preferably in the range of from 9 to 
12% by weight, .still more prelerahly 9_S in by weight. 

GeO- has tbc same clfcct as thai of the above SiO^^ and 
may be incorporated in an amount in the range of from U to 
5% by weight. WIjcu tlic wmlent ihcreol" exceeds 5% by 
weight- ilic devitrification rc.<iisiftnce in liable to decrease. 

The inial conicnt of ihc above SiOj, and GeO^ Is 
preferably in the range of from 14 to 20% by weighL When 
the alxivc total conlcnl is less than 14% by wtighl, the 
crysialli-/a»ion tendency' increa.^ in intensity, so that it is 
di£5ciill to obtain an optical gla5L<; that can be stably pro- 
duced. When it exceed.-? 209?: by weight, the refractive index 
decreases, sy that il is difficult to obtain a high-rcCf activity 
optical glass that is an cud product of the present invention- 
In view of the crysialJi^iion tendency and tbc refractive 
index, the above total coulcat of the above SiO^, BX^ and 
CicC}^ is J^Cifc prcterahly in the range of from 16 to 19% by 
weiiihi, still more preferably 16 to iH% by weight. 

ZnO works to impan the gla<^s with a higl) refractive index 
and low dLspcr^iion (the dependency of a refractive index on 
a wavelength is smull), and further, il works lo Improve ibe 
glass in dcvtirificaiion resbit^ncc and lo dccrci.sc the tcm- 



06- 1 -31 111:48 ;HOYA{ft) R&Dtl/^- 



;0425462706 



# 4/11 



US 6,818,578 B2 



pcnluic for the viscous flow. ZnO is therefore a compoocm 
ibat is added as required after Its aiuouQi ts adjusted par- 
UL-uhrly by laking accouni of the smonDl of B-O-^. 
SpccificiJJy, (Si02+li2U3):ZnU:(La.U3+Gd,03+Y,rjj+ 
Yb;()j);(Nl)2C)5+Zr<),+'r:a,C)5) adjujaetl lo" imparl The 5 
gla-ts wnh a refractive index od of at lea^i 1.875 aud au 
Abbe's Dumber vd of at least 39.5 and also with dcviirili- 
calion rcszsiancc feasible for glass production, and the total 
content of B^O^ and ^0 is adjusted preferably to at l&ast 
95?^ I^y weight, more pmt'orahly lo nt least 12% by weight, :j 
w'bcrcby the temperature for viscous flow can be decreased 
(Tg is 700° C. Of lower). Tlie content of ZoO is advnnta- 
ycously in ihc miiijc of from 0 lo 15'^ by weight. When ibu 
coDicDi of ZnO exceeds 15% by wcii»tii, the dcvitrilicatioa 
rusistancc may he insulTicicnl in an attempt to nhtain a :5 
rd'radivc index in the intended range. On the other hand, 
when au attempt is made to luainiaiu the deviinTiculion 
resistance feasible ftirsiiihJc prt^iduflion, ihc rc&«ielivc index 
decreases. It is therefore di(Gcu!l to obtain a high-rcfractivity 
optical glass (bat is an end product of the presnni inveniiun. ir, 
'Vht comeni of ZnO is mi)rc preftrsbly in the range of J to 
7% by weight, still more prcfexflbly 3 to 5% by weight. 

La;.03 is an esscniial coraponcnt for obtaining a high- 
re tract ivity low-dispersiou optical ^IxvS, and the content 
iheret»r Ls preferably io ibe rant^e uf Ih>m 30 lo 60^v by ^ 
weight. When the above content is less than 50% by weight, 
it is difficult to obtain an in tended bi<>h-rcfruclivity luw. 
dispeniiof) optica] gh^, and when it exceeds 60% by 
wcijjhi, ilic dwiirilicaiion resistance decreases, so that it is 
difficult to obtain a glass thai can be stably produced. The 
above eonleni is more preferably in the range of fn)m .^7 lo 
4f\% by weighu still more preferably 40 to AS'Js by weifihl. 

Gd,Ojj may be incorporated in an amouot range of from 
0 to 30% by weight as a substitute for La^O^. When the 
alxwc conicnl exceeds 30^ by wcighu lhe'dcvilnTicati*in 
resistance decreases, so thai it Is difficult to obtain a glass 
that can be stably prodticed. The above content is more 
preferably hi tlic range of from 0 to 1S% by weight, still 
more preferably 5 to 15% by weight. 

YjO-^ and "Vb^Oj may be als«i incorporated in the amount 
raogc of from 0 lo lOS^* by weight and 0 to S% by weight, 
respectively, as a subsiinitc for Ibe above La^O^. When the 
content of y^Oj exceeds 10%- by wcijjhl, or when the 
cnnicni (»r Yb^O^ exceeds 5% by weight, the dcviiriiicadon 
resistance decreases, sc that it Is difficult to obtain a g]a.ss 
ihai ean be Stably prxiduecd. Thw eooleni of YiO;^ is more 
preferably in the range of from 0 lo 6% by weight, slili more 
preferably 3 lo G% by weight Furlher, the content cif Yb^O^ 
is more preferably in (be rani;c of from 0 to 5% by weight, . .. 
^iiill more preferably 0 lo 2% by weight, ■* 

'ihc above La2<'>3 itnd ihc above Gd:.0.^, Y^O^ and Yb^O.^ 
have similar effects on optical propcnics, aud preferably, the 
total content of these coraponenls is in the range of from 50 
to 60% by weight. When ihc above total eoaieut is less than 55 
50% by weight, ii is difllcult to obtain a high-refract ivjiy 
Iow-di.s-pcTsion optical ul:i.v> lhal is an cud product of the 
present invention. When it exceeds 00^ by weight, ilie 
deviirirication resLsiance dccrea.scs, so that it is dil'ficuU to 
otilain a gla»; lhal can be .sisbly produced. The above total 
mnioni is niofo prcrcfiibly In the range of fix im 51 10 .SS% 
by wciglit. -Mill tuorc preferably 54 lo 56% by weight- 

ZrO, is a componcni fttr aiiaining a high rcfrjctivc index, 
and it cxhft>its an effect on improving the devitrification 
resistance when ineorpiiraled in a small amnunl. The content 65 
thereof is preferably in the range uf l"ri)m 2 to .S^ by weight. 
When the above content is less than 2% by weight, it is 



difficult to obtain a high-tefr activity optical glass» and ZrOa 
may fail to exhibit the effecl on fully improving the devit- 
rification resistance. When the alxive content exceeds H% by 
weight, Ibe devil rilication rcsislance may rather decrease 
and the glass transition i^oitit may iocnsases, so that it may 
be dlOieuIi to achieve the abject of the present invention. 
The above conieol is more preferably in the raiu;c of from 
4 to ^% Ky weight, still more preferably 4 lo 6% by weight. 

Ta-Os is an eJsScnliai component for attaining the high- 
rcfradivity, and the content thereof is preferal>ly in the range 
of from 13 to 1.9^; by weight- When the above content is less 
than 13% by weight, it is difficult to obtain a high- 
fcfractivity optical glass thai is an end product of the present 
inveniion. When it exceeds \\)% by weight, not only the 
dcvitriflcaiion resistance may decrease, but lU.so ilic irans- 
mitiance alisorpiion erui may shift inward » longer wave- 
length .side. The above content is more preferably In the 
range of from 13 to 17% by weight, still more preferably 14 
to \7% by weight. 

In the optical glass I of the present invention^ preferably, 
the total content of SiO^ lUO-„ GeO.,, ZnO, T-a^O.v Gd^o'v 
Y,0.„ Yb,0., ZrO- and fa^Ojj exceeds 9.*>%*by wci'ghV. 
When the above total content is less lhan 95% by weight, it 
is dlOleull to obtain an optical glass lhal siatisfies all of Ibe 
Optica] properties, the decrease in Icmpcralutt for viscous 
flow and the devitrification resistance that are intended in the 
present invention. The above total content u; more pfeferal>Iy 
at least 06% by weight, still more preferably at icasi 9H% by 
weight. 

In addition to ilic above a:impoi)cots^ihaj;mii£ 
the present invention may contain (Nb-Owwo^* Al-0^ 
Bi,0.v Ga.Og, BiiO, SrO. aO. MgO^^'ti^^^ 
Sb-O^jis n^quired. 

Ib^O^tRrWTJTare component*; for impmvirwibc^cvit- 
riticMod rii&isf.'tncc when incnrporatcrii|>.-ff"^ri(ill amount.^ 
E%ich of Ibese componentsmaj^bi-iiJ^rjJoratcd in an ammj 
range of fronat)joJt^rl>yweighl. Wlien the cunMt of 
(Nbl^^swjrtJirS^ by weight, or when the contcm^WO:; 
exceeds 3% by weight* the absorption of Utc^^ss in the 
shorter wavelength region is inte nsified. ^91jcii causes the 
glass to l>e colored. The conlcni oR ^^O^ s more preferably 
in the range of from 0 to 1-5% by^wcighl. Still moi^ 
preferably 0.5 to 1 3% by weight, further, the amient of 
WO- is more preferably in ihc range of Imm 0 to 2% by 
Weight, slill more prercrablv 0 10 1^ by weight. 

aUO^ is a ooiiiponenl having an effect on decreasing Tg 
when incof^ratcd in a small amount, and it may be incor- 
poraletl in an amouni range of from 0 lo 3% by weight. 
When Ihc conical of ULO^ exceeds by weight, i\ 
decreases the dcviirilicaiitm rcsi.%lanec or causes the glass lo 
be colored. The content thereof is more prcfcmbly in the 
range of from 0 to 2% by weight, still more preferably (1 to 
1% by weight. 

Al^O., and Ga.iO:i may work lo improve the dcviirlijcaiiwn 
resistance in fiotnt ca.ses when incorp^iriited in a small 
amouni. However, they also work to decrease the refractive 
imicx. The content of each of these components is preferably 
in die range of from D 10 y/h by weight. The content of AI-O3 
Ls more preferably in the range of from 0 to 2.S%by we iglu, 
still more preferably 0 loJ)i5^^b^>i*rt*tsr 

RaO, SrO, CaO and (MgojSvc an efl'cct on promoting 
dcfoaming when used in ife^form of carbonates nr niiraics 
as raw materials for the glasis. However, when I he total 
conlcni of these components exceeds 30^ by weigh u the 
deviiriiication resistance decreases, so that ii'is diineuli to 
obtain an optical glass thai can be Stably produced. 'i*bc total 
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coDicul of BuO, SrO, CaO jnd^^T)?; Ihcreforc prcFcrably 
ia the ungc of from 0 to 3% by woghl. The coaicnf of BaO 

more preferably in ihe lange of from 0 to 2% by wcighi, 
stiii more prererably 0 lo 1 %"by wcigb!. Jtic contCDl of SrO 
l< more preferably in (he range of from 0 to 2^ by weight, 
still inort preferably 0'tL> 1% by weight. 

Na,0, }C.O and Li-0 have an effect od decreasing the 
gdfS'i iransiuoa poiut 'I'g, and Li^O in particular has a very 
high cITccI on such. Howcvcn ihcsc components function as 

9 grcai factor for dccrca.sinR the dcvitn'rlcation rcsislaijci; 
and ihc rcfraciivc index. The uiial cTinicol of Ns^O. K2O snd 
I.i^O is pRjfcrably in ibt? range of from 0 10 i*^ by weight, 
llic conlcD! of lLo is moic preferably iii ihc range of from 
0 10 0.5% by weigh I. 

SbnO., a5i a rcimiug agtut may be inooivoralcO in ati 
amount range of {n\m {) tti I ^ hy weight. The aW*wtt rcftmng 
aftcnl Sb,0_, may be replaced with oihcr rcHning agent s\ich 
55 SnO-, The content of Sb^Oj is prctcrably in the range of 
from 0 to 0.5% bv weight. 

As another preferred compi^^iu'on, Ihe optical glass I of 
the present invention has a gla.ss composition (b) 
comprising, by % by vveighu 5 to 10% c^fSiO^ 7 lo 13% of 
H;03, 0 to ^% of CicO^, 0 to 15% of ZnO. 30 lo 00% of 
Ut^Oj, 0 to 30% of GdjO., 0 to 5% uf Y.O,, 0 tn S% of 
Yb^O^* 2 to 8% of ZrO, and 13 to 19% ol'T«\Os, wherein 
ihe:\)ial conicni of SiOl, B-Oa and GcO^ i-s 14 to 20*^. by 
weight, the total content of B^O* and ZnO is at least 0% by 
weight and the total conicnt'cif l.a;03, GdoOj, Y^Oa ^nd 
Yl^^O^ i,s 50 to 60% by weight, and fort her wherein ibe total 
uoDicni of the above components exceeds 95% by weight, 
r~ CDimiosiiion furlbcr contains, bv % bv weight, 0 10 y% 
of ^bc^O to 3% of WO„ 0 lo 3% of AUO,, 0 lo 3% of 
RijCT^TtTio ^% of Ga^O^ and 0 to 1% of Sb^O-,, the total 
content of BaO. SrO, ICO and MgO is 0 lo 2% by weight, 
and the total content of Na-,0, K,0 and Li^O is 0 to L% by 
weight. 

The optical glass II of the present invention is a bofosili- 
caic glass coo:iprising at least one selected from I^a^O^, 
Gd^Oj. Y^Oj or Yb205 and at least one selected from ZrO,, 
Ta^Oj or bfb^Oa, wherein the weight ratio of the total 
content of La^Oj, Gd^O-, Y::03 and Yb^Os lo the total 
content of SiO- and B^03 w from 3.^ to 5. and the weight 
ratio of the total content of ZrO-, Ta-^O^ and Nb-O^ to the 
total conicm of SiO, and IJ-O^ is7n")m 1.1 to the 
boroslicatc glass havinj; a refractive index nd of al least 
1.S75 and an Abbc's uunibcr vd of at least 39.5. 

Itc weight ratio of the tibial contcni of La-Oj, Gd^Ojt, 
Y2O., and Yb«0^ lo the total content of SiO* and B^^O^ 
[(Lu;O.,*Gd;O-i+Y^034-Yb-,O3);'(SiO,+B.O3)] Is from 3.2 

10 5, prcfcrahly'r'rom 3-2 to 4.5, more prctcrably from 3.2 to 
4, still more preferably from 3,2 lo 3.5. 

l-'urihcr, the weight ratio tif the lolal content of ZrO^, 
TaiC and Nb-O^ to the total contcni of SiO, and l\^6j, 
[(ZfO,+ r2,O^+Nb-.OJ/(Si0::+U;O3)] U i/om"!.! to 1.5, 
prvfenibly fa-im 1.2 to 1.3. 

While the above optical gla.^ II has a refractive index nd 
of 3t Ica-si l.iS75 and an Abbc*s number vd of at least 39.5, 
it can exhibit a glass transition point Tg of 700'' C. or lower. 

The optical glass III of the prescni invention is a boro- 
silicaic glass compriijiug at IcaM one selected Ixom I-a-.0-, 
(id, 03, YM. or Yb-O- and at Ica.'it one selected from Zff;^, 
Ta-iO, or Nb^O^ and containing ZnO, wherein (he wci(>ht 
ratio of the total content of I.a-O^, Gd-O,, Y^Oj and Yl^^Oa 
to the total con lent of SiO;. and B^O.^ Is from 2 lo 5, the 
weight ratio of the total content of ZiO*. Ta-^O^ and Nb^O^ 
to the total content <ir SiO, and B2O3 \i> from 0.5 to 3 and 
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the weight ratio of ZuO to the total content of SiO. and B^O^ 
Ls at IcaM 0.14, the bciR»sih'c8lc glas.s having a ivfraciivc 
index nd of at least 1.875 and an Abbc*s nuiutx:r vd of at 
least 39.5. 

In the optical glass III, tlie weight ratio of ZnO to the total 
content of SiO-^ and B^Oj [ZnO.XSt0.-»-B,O J] is at 
0. 1 4, preferably from 0. 14 to 2. more prcfcrabiy 0. 1 S lo 1 .5, 
still more preferably 0.2 to 1. Furlhen the wcif^it ratio of the 
total contcni of U.O., YMj and Yb JDj to the total 

content of SiO. and B^Oj'KU^Os+CJd^Oa+Y^Og+Yb.O.O.' 
(SiO^-fB^Oj)] i\ from 2 10 5, prctcrably 2.5 to 4_5. more 
preferably ^ to 3_5. 

Further, ihc weight ratio of the loial content of ZrO,. 
Ta-Oc and Nb^O^ tv the total content of SiO^ and B.*(>^ 
[(Zrd,+Ta.05xNb205)/(Si0.+B2O3)] is from 0.5 to 3, pref- 
erably from 0.8 to 2, more preferably from 1 to 1.5. 

While the al.)OVc optical glass Ul has a refractive index nd 
of at lea.si 1.875 and an Abbe's number vd of at least 39.5, 
it can exhibit a glass Iraositiou point Tg of 700° C. or lower. 

AS a piefcirec] glass* composition, the above optical 
gla.sscs n and HT ha.s a gla.v! composition comprising, by % 
by weight, 3 to 10^ of SiO,, 7 to 1 S% of R,0 0 1» 5% of 
Geo,, 0 to 15% of ZnO, 30 to 60% of La,d,. 0 to 30% of 
Gd.Os, 0 lo 10% of Y-iO,,. 0 10 5% of Yb,6j, 3 to 8% of 
ZrO^ and 13 to 19% of Ta^O,, wherrin the total content of 
SiO^, li^Og and GeO-, is 14 10 20% by weights the total 
content of R,0:^ and ZroO is at least 9*^ by weight and ihc 
total content' of La-Oj. Od-U^, Y-X)^ and Yb«6^ i.s 50 in 
60% by weight, ami further wherein the total conicat of the 
abwve components exceeds 95% by weight and the glass 
composition contains 0 to by weight of Li-O and 0 lo 3% 
by weight of Nh^O^. 

liach component of the above glass aMnposition is as 
explair>ed with regard to the glass cx>mposilion (a) in lh< 
above optical gla.s.^ 1. 

Further, the optical glass IV of the pre^usnt invcnrion i.*; an 
optical gla.ss having a composition comprising, by % by 
weight, 3 lo'lO^o of SiO., 7 to 15% of HJO^, 30 to 60% of 
La^O^v. 2 to S% of ZrO;, aud 13 to 19% of T^^^.^- wherein 
the loial amlenl of SiO, and is 14 to 20^ by weight, 
and the total content of the above components is at least 95% 
by weight. 

In the above optical gliss IV, preferably, pari of Ln-O. 
replaced with Gd^Oj and/or Y-O^, the oonienl of/ftdTo^ 
^5 0 to 30% by weiglii, i|ic content of V2O3 is 0 to lU^'by 
weight, and the glass Iws a gla.s?; iranjiiiion point Tg of 700** 
C, or lower. 

In the optical gla.ss IV, preferably, ZnO is coniained in an 
amount of 0 to 15'^ by weight and the total cdnieni nf ZnO 
5.;] and B-Oj is at lexsi 9% by weight. In the optical glass IV, 
particularly preferably, part of La-.Oj is replaced witli Gd,0- 
and/or YaO.,, the content of Gd^O^ is 0 to 30% by weight, 
the content of V^Oj L; 0 lu 10% by weight, the content of 
ZnO v> 0 lo l5%hy weight, the content of Nl>,Oj: is 0 to 3% 
5, by weight, the content of I.i^O is 0 10 \.% by weight, 3 nd the 
glass has a glass transition point Tg of 700® C. or lower, la 
the optical glass lY a reason for liniitalion of the amount 
range of each component and a preferred amount range of 
each ot»mpt)ncni arc as explained in the gla.ss compo.<iition 
(a) in the above opiicai glass I. 

According to the present invcDiioo. Iber^ is also provided 
a preform made of any one of the abiivc optical ^ii.ssc>i I lo 
i V and there is ab«» pmvided an «piic*a| product made of any 
tine of the above optical glas.scs I to IV. 
65 Tlie above glis.*i preform can be produced by melting raw 
maicriabi for any one of the above optical ftlasscs I to IV aud 
prc-shaping a molten gla.<« by cold- or hoi processing. 
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Tlic iibovc opiic-il prtKluu tan be pnxJuccd by a process 
comprising il)c sicj)y; of mcliini; raw male rials for any one of 
ihc above optical gta^sses I lo IV and ilirecily press-molding 
a molten glass. AlicmflJivcly, tbc sbovc optica] product can 
he pnxliiccd by a process comprising ihc siepfi of re-heating: 
ibc ttbuvc ^liLSi prcfurra lo a icmpcralurc su liable for prcss- 
muWinj: (icmpcmluri; \o nllain a viscosity of iO"' lo 10'' 
Pa-s). e g., approvimaiely 5150° C. lo soflcn iht prcfomu and 
press-molding the pfefcirm. 

The above processes may include ihc sicp of annealing 
the press-molded onkle of the glass after ihc sicp of direcily 
press-molding a moUen glass or after the Jiilcp of prc&s- 
rfi(i)djng Ihc glass preform- *i"bc above anncaliag of the 
molded ariiclu of ihu glass can be carried out iii a icmpcra- 
iiiTc urouuU ihu glus±» trans iiiun point thereof, preferably^ ill 
a icmpcralurc range within ±20° C. from the glass; Uan!»ilion 
poini. In ihe prtseni invention, Ihe icmpcriiturc for ihc 
annealing can be iici ai 720** C. or lower, and ii can be sci at 
R 700' C. or lower for some glass con\posiiions. 

In the above manner, optical products sudi as a Icjk and 
a prism can be efficiently pn^uuul. 

The optical glass of the present invenlion is a high- 
refraciiviiy low-dispersion gla-s-s ha>'ing a low temperature 
for viscoas flow as compared with a convcntionil optical 
glass. 'Hicrcforc, the optical i;Uss of the present invention 
obviates any annealing or re-he;ii pressing at a particularly 
hifib temperature, so that the optical glass ciin be stably 
produced, 

Vio present invention will l>e explained more in dcl^til 
with reference u» Exnmplcs, while the present invention 
shall not be limikd by any of these E\Jiinplcs. 

bXAMi-LhS i-iO and COMPAR/OTVE 
EXAMPLES 1 nod 2 

Powdery raw materials of ciirbonalc, nilralc, hydroxide, 
oxide< and the Like wen: provided for forming a glass 



coniposilioa shown in each Example in Tables 2 lo 4, and the 
raw materials were fully mixed, llien, the mixture was 
placed in a platinum crucible, melted in a furnace set at 
1,400® C, stirred and refined, and Ihc molten glass was cast 
inio a frame made of iron prc-hcalcd lo a proper 
tcmpcralurc, maintained at a temperature around Tg for 2 
hours and then gRidnally cooled to give an optical glass. 

'ITie thiLs-obiiined oplicfll glasses were measured for 
properties by the following methods. Tables 2 lo 4 also show 
ibi! resulbi. 

<1) Retraciive index [nd] and Abbe's number [vd] 

An optical glass wi*; produced by cooling a molten glass 
at a icmpcraiurc-dccrcasing rate of 30^ C/hour and mea- 
sured. 

(2) Glass transition point Tg 

An opticHl glass was mcastircd wiih a tbonmo-medianical 
analyser ?! h icmjxfrDturc elevation rate of 4" C.'oiiuuie. 

(3) Liquidus temperature [I-T.] 

AgUiSs was placed in a platinum cnicible having a volume 
of 50 ml, the crucible with a glass in it was covered and 
maintained in a furnace ai a predetermined tcmperaiuTc for 
2 hours and cooled. 'i"hcn, an inside of the glass was 
observed through a microscope having a ntagniiication of 
limes, and the liquidus temperature of the gloss wus 
determined on the busis of wbcihcr or not a crysial was 
formed. Tbc above temperature was changed at ioieivals of 
10'* C. 

(4) \60 

A polished sample baving a thickness of 10 mm was 
measured for a spectral iransmiltance, and a wavelength 
(nm) at a transmittancc of H^O^ was determined. 
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TABLH 4"Coniinucd 
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AlA 
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u 
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Sb,0, 


0.2 


0.2 


0.2 


0.: 


ZnO/(S;0, ^ BjO,) 


0 


0.IV5 


•I 




(U,0. + Gd-O-. + Y.>C, + Yb-a.)/ 


3.200 


3.<U5 


3.16 c: 
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(Nb,0, ZrOa + 'RijPa)/(SiO. ♦ B,0-^/ 
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440 



CtiiL - C.*oinpuaUvc b'mntylc 

As shown in Tables 2 to 4, liic glasses of ihc pfcscni 
iavention have a refracllve index nd ot ai lea>ii J .875 and au 
Alibc's rmmber v of ai Icilsi 39-5, and it is liccn Ihnt ihc 
gb.ssc» in Examples 1 (o 6 have a gla^s (rtinsitioD point 'ly 
of 7CtO^ C. or lower and ihai ihe ]ili.s.sc:s irt Ex:implc.s 7 to 10 
have a glass iransilion point of 707 lo 71 3** C, 

In Ihe glxsit in CoTinparalivc Exarnplc 1, ihc weight nilio 
of CNh^03-t.Zi<:):2*'J>,05)/($i(.)::+iJ^O5) is 1.07V or less tliafl 
J .2, and (he glass has a high glass transiiion point Tg of 735° 
C. In ihc g,Uss in QimparaUvc Example 2. »hc weight ratio '^^ 
or(Lfu03+Gd,03+Y;0:^+Yb20s)/(Si02+Bc03) hi 1.967 or 
less than 3 J , and ihc glass has a low rcfrucUvc index of 1 .tS6. 

WhcD the optical glass oblnincd in Example C of the 
preseDi inventioQ was maintained in an electric Tumacc at 
850" C for 5 iniimtcs, ii was sulUcicully !wftcncd. 'Iljc 
optical glass obtained in Comparative txamplc 1 was hardly 
softened. This dill'erence shows thai ihc optical gliiKs of ihc 
pn:?*cni invcQiion Ciin be rt-hcat pressed at a lower tempera- 
ture ibai] a coDveatLODAl optical ^ass. 

HXAMIM-H II 

llaw malcriaLs were melted in a silica crucible or a 
plsiinnm cmciblc for furming the ^aiw composition in each 
of txamplcs 1 to lU. and glasses were formed. Glass Islocics ^rj 
were taken from those (;las&:s and cut to obl^iin molding 
glaw materia U. 

liich molding glass maierial was individually .softened 
under heat uaul ihcy had a vifico.<uty of lO"* to 10" Pas, 
inltxnUiccd into » mold havini; « mokling siirlaoc corrc- 53 
spondini; 10 an optically functional surface of an optical 
product as an end product, and press-molded to jyvc glass 
molded materials. Then, (be gla^^s molded materials were 
respcwiivcly annealed at glass iransiiioo points Tg thereof, to 
piDdutd oplicfll prtKluct.s- 

hXAMPLL 12 

Raw materials were melted in a silica cniciblc or a 
platinum crucible fof forming the gla.<ff; composition in e^iCh 
of txample-s I 10 10- Eaeh molten glass was respectively 65 
adjusied !o have a viscosily of at Icasi 0.3 Pa-s and flowed 
down from £t feeder, and a predetermined amcnml of each 



glass that had ilowcd down w:i^ ca.r>i into a mold ond 
press-molded to give glass molded materials. Thi:n, the gla.w 
molded material's wcrv re.spcciivcly anncslcd al glass tr«n- 
sidon points Tg thereof, to produce optical product.s. 

Uttect of the Invention 

'Jlie opiiciil glass of the present invention is a high- 
ivliacliviiy lowKfispcrsion ghss having a low tomporature 
for viscous flow, so that it serves to attain stable production 
of oplic;d products without annealing or re-heat pressiof; at 
particularly high temperatures, 

What is elaimed is: 

1. An optical glus.^ having a R:fraclive index nU of at Icnsi 
1.875, an y\bbc's number vd of at least 39.5 and ;i i;lii-ss 
Iransilion (empcralun; of 700" C. or lower and having » 
composition comprising, by % by wci£:hi. 





SiO... 






0-5 a: 


CrcOj, 






.'O-WS: 






Cd,o\. 






O-5'.'i: 




2-S^ 









the total content of SiO-^B^O^+OcO- being 10 to 19%, 
(he total mnlenl of R-O^+ZnO being nl Icnsi \hc. 
total content of l-ajD^+Gd^O^+YjO^+Y^O.+Yb-O- 
being 50 lo 60%, the total contem of the iibove com- 
poneoi.< being at least 95^, 

0-3% U,0, 

the Weight r^tit* i>f ZnO/(SiO,+B.,0^:j) being mtirc than 0 

but Dol more than 2, 
the weight ratio of (La^pTt'Od^U^-i-Y .O^-t- Y h.Oj) / 

(Si<).4lJ^()3) being from' 2 to 4, ^^.^^^ 

the weight ratio of (^0;+Ta,0,,-^,0^(SiO-+B,0.i) 

being from 1 10 2. ^-^^^^ 
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wherein ihc iipiical gU\s dvcs nol con lain HCO^. 

2. All optical glass h^vini; a refractive iodcx nd of al Icasi 
] .875, an Abbe s Dumber vd o£ at least 39 J aiid a glass 
iransition tcmpcralurc of 700" C. ot lower aod bavLug ^ 
ccmposilion comprLsing, by % by weight. 




(!) 



ihc loial conicni of SiO-+B^O:%+GcO. being 16 to 19%, 
the toul coDicni of B,O,+Zn0 being at least the 
total conical of LaiO^VGdaO^+Y.O-»+Yb*0.t beinft 50 
to C0%, llic lulul coiilciil nF die alxivc compnncnts 
being at Icasl 95%, 



2nQ 



^ ^ the weight rauo < ^ZaO(SiO;4-B^O^ij^ ing more ihan 0 

QS'OzfptOBj but not more than i ' " 

Ihe wcij;ht ratio of (Kx-O^+CKUOj-^Y-O-ii+Yb-O^)/ 

iliu weight \utio of (ZrO.+Ta2O5-l^2O^(SiOi+B::a;0 

beinj; from 1 to and 0,5-1.5% Ni^OT 
wberein the npiical glxsK docs not ctmiain HfO^. 
3. An opticcil ^ass liavlag a refractive iudex nd of at lea<ii 
1,S75, au Abbe's number vd of at least 3>9S and u i;la.s.s 
transiiion temperature of lOXf C. or l^>wcr and ha\'ing a 
utimposiiitm c(»mpri^5i^g» by % by wcicihl, 



Ihc lolal conlcm of SiO*+jLUp.+GcO* being 16 to IQCi., 
the luLal conieni of R^O^+ZnO being ai leasl 1 2%^ ihc 
lAtal content of La^O-t+GdjO^+YjO ^tYbjOj bein^ 50 
to 60%, (be total coiilenl of the above components 
beiiigi at leaAl 95%. 



50 
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iranuiiion temperature of 700° C or Jower :Lnd bavinj; 
compdsiiicin comprising, by % by weight, 













GcO.., 




X.nO. 




















Zid.. 




•n 6^ 
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the total eoment of SiO^+H^Oj+CieO-, being 16 iti m^A, 
the total content of U-O^+ZnO l>c!Dg ai lca^>t 125?', the 
loial eouteul uf La^,O.j+Gd2O3+Y^O3+Yli203 being 50 
It* fif>9h, the total content of the above componenLs 
being at least 957(>, 



0-3% 



wherein the Oplieal glasi docs not contain HfO;- 

5. The optical glass of claim 1» 2, 3 or 4* which has 0 lo 
59?,orY-CV 

6. The optical glass of claini 1, 2, 3 (»r 4, wherein p^ri of 
La-Oj L<; replaced with Ct±X)^ antl/nr Y^O-^. 

7. 'file optical glavs of claim 1, 2, 3 or 4, wherein pan of 
Laj-Oj is replaced with Gd^Oj and/or Y-O3 and the content 
of LiiO is 0 to 1% by wcighL 

X. A glasj; preform made of the optical glass recited in 
claim I, 2, 3 or 4. 

9. An optical product made ol Ihe oplical glass rcdled in 
claim I. 2, 3 or 4. 

10. A process for the produciiou of ihe opiical product 
recited in claim 9, which cnmpriscji the steps of melting raw- 
materials for a glass and directly pnrsK-motdinK a molten 
gla.vs, 

11. The process of claim 10^ which further comprises the 
step of jinnealing a ylass molded raaicrial obtained by the 
press-molding, afler ihe slep of directly prcss*mrtlding a 
molten glass. 

12. A pit/cess for ihe production of an optical product, 
which cnnipri-se-s the Mcps of softening the glass preform 
recited in claim 8, under heat and press-molding ihc glass 
preform :i0ftcxied under heal. 

13. The process of claim 12, which further comprL<UiR ihe 
step of annealuig a gla5s molded material nlMained hy ihe 
prcss*moldiug, after the step of ptvss-molding the glass 
prcfomn. 

14. j\a optical glxss havinti a fcfraciive index nd of at leas! 
t .875, an Ahhe's number vd of at least 39.5 and a glaf« 
transiiion tempera luro of 700** C. or lower and having a 
composition coasLstini; cvscmiuUy of, by by wcigfai. 



0-3 
0-1 



wlicrein the oplical glass does not coniain HfO-. 65 
4. An oplical glass h:iving a rerraclivc index nd of at least 
1.875, an Abbe's number vd of at lexsi 39_S and a glass 



0-30% 
O-IO** 
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-coniinucd 



-comtoucd 



0 



WO,,' 



IS. An opttc.nl glajw h.iving a rcfniCTiyc index ncl of flt least 
1.875, an Abbc'^ number v<1 of at least 39.5 and a glass 
LrafiAiiion temperaiurc of 700° C- Or lower bikI having ;t 
tomposiiion consisting csscnUnlly of, by % by wcighl, 













OcO;. 




ZnO. 








Gd>Ov 



















The total coDicQi of SiO^+BjjtGcOj being 10 to the 
total content of B^O^+ZciO being at loafa 9%, the lotal 
conicnl »r r.a-.03+<id,03-t-Y-0,+Yh,O3 being SO to 45 
60%, the total content of the above components being 
at least 95%, 

0-3% U;0, 

the Weight ratio of ZnO/CSiO'+B^O.^) being more than 0 
hut not more Uian 2. 



ihc wcigfrrv^alio of {La*03+Gd20.,+Y;0,A+Yb,0.0/ 
(SiO^+B-O^yT'^jijQg^from 2 104.1^0 wciqht ratio of 

and 6.5-1.5% 

16 . An optical glaS pfew^TnE^ refractive index ud of at kasi 
an Abbe s number vd of at least 39.5 und a glass 
iraasition tempcramrc of 70O*' C. or lower and having a 
composition consisting essentially of, by % by wciRht. 
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Bid,. 
OcO,. 
Z/iO, 



iJie total ccinient of SiO^-t-R^O^+GcO, being 16 to i9^o. 
the loi^il conieni of D^Os+ZnO being at least 0%, ibc 
total content of U,03+C;cl,(}3+Y2<)-+Yl>,C)- being 50 
to 60'», ibc total coateai oi the abovu compuntstib; 
beiDg at least 95%, 
Li-O, 

the wcit^hl ratio of ZDO/CijiOi+BjO O being more than 0 

but not mufc than 2, • ^ 

the weight ratio of (l.a-O34-Gd,O3+Y^O3+Yl>-03)/ 

the weight ratio of (ZrO,+Ta^05(^fibIO^SiOj+B2U3) 
being from 12, ' ' ' ,^ 



the total content of SiO,+B,03+GeO: being 1C» \o 19%. 
the total oooienl of B,03+ZnO l>eing at least 12%, the 
total content of La^03+Ctct0j+Y-.0j+yb,0j being 50 
to CiO^j, the total content of the above components 
being at least 95%. 



0-1 'Tf 



WO,. 



17. All optical g]aS£i having a refmclivt; index nd of at least 
1.875, an Abbe's number vd of at ieasl 39.5 and a glass 
transition lemperaturt; of 700** C. or lower and having a 
composition consb;ting essentially of, by % by weight. 

















zjior 










0-10*5: 

















4C 



the total coatcni of Si0,+B-03+0eO, being 16 to 19%, 
I he total conic nl of B^O.^+ZuO bcin^ at least 12^, the 
loial content of La^O^+GiUO.^+Y-Os+Yb^O:, being 50 
to 00%, the total content of ihii al^tivc eomponenLs 
l^eing a I. IchkI 



5C 



18. 'ITic optical glass of claim 14, 15, 16 or 17, which has 
0 to 5% of Y,03. 

19. The optical gla.<is of claim 14, 15, 16 or 17, wherein 
part of La,0;t is replaced with C;d-;03 and^or Y^O^- 

20- The optical glass of claim 14» 15. 16 or 17, wherein 
part of La^O, ls replaced with Gd-O^ gnd/or and the 

content of LAX) is 0 to 1% by weight, 

21. A glxNS preform made of ihc optical gla.ss recited in 
claim 14. 15» 16 or 17. 

22. An optical product made of the optical gla.*vs rcciial in 
claim 14- 15, 16 or 17. 

23. A pnuiess for ibe pnxluciion of the optical product 
rocited in claim 22, which ijompriscs the steps of melting 
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raw materials for a glass and dlfcclly pfusii-muldin^ ;i 
mohcD glass. 

24. The pnxrcss nf claim 23, which further oomprises ihe 
sicp of annealing a glass molded material obtained by ihc 
prcss-moldingL, after the step u! dimcrly prc-ss-moldiDg; a 
mtilicn glass. 

25. A process lor ibc productiyn vf ;id op\ic3l pkkIkc!* 
which comprises ihc steps of softening tho glafy; preronn 



20 



recited in claim 21 under bcai luid prexs-muldinj; ihc j^bsvs 
preform softened under beat. 

26. The process of claim 25, which ftinher comprises ihe 
step of anncaliag a glass molded mHteriul obtainttci by tbc 
prew-moldinfi, after ilic sicp of prvss-molding ihc glass 
preform. 



